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AP® Physics C: Electricity and Magnetism 2023 Scoring Guidelines

Question 1: Free-Response Question 15 points
(a) For correctly drawing and labeling the electrostatic force in the downward direction 1 point
For drawing the normal force in the upward direction and a gravitational force in the 1 point

downward direction

Scoring Note: Fy is an acceptable label to represent the force that the platform exerts on the
sphere

Scoring Note: A maximum of 1 point may be earned if extraneous forces are included.

Example Response

Total for part (a) 2 points
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AP® Physics C: Electricity and Magnetism 2023 Scoring Guidelines

(b)

For applying an equation of the forces at equilibrium consistent with the diagram drawn in
part (a)

1 point

Example Response

Fy - Fg —F, =0

For substituting a k,x or k,y that represents the normal force

1 point

Example Response
kx —Fp —Fy =0

For substituting a correct expression that represents the electrostatic force

1 point

Example Response

1 q0

- 4re, ?

E

For substituting a correct expression that represents the gravitational force

1 point

Example Response

F, = Mg

Example Solution

Fy-Fp—F, =0

Total for part (b)

4 points
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AP® Physics C: Electricity and Magnetism 2023 Scoring Guidelines

(c)(i) For a line that approximates the trend of the data 1 point

Example Response
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AP® Physics C: Electricity and Magnetism 2023 Scoring Guidelines

(c)(ii) For using two points from the trend line drawn by the student to calculate the slope 1 point

Scoring Note: Points of data may be used only if points of data are located directly on the
line.

Example Response

Ay
Slope = —
ope =~
Slope = L)
1
“{57)
H
Slope = (0.15 rln - 0.121m)
[20 — -0 —2)
m m
Slope = 0.0015 m®
For indicating the relationship between the slope of the graph to &, in the equation 1 point
1 Qg Mg

B 4rey k H? Kk

Example Response

L 0g , Mg

- dreg k H* K
Qq j

sk,

slope = (

For correctly substituting the value of the slope of the graph and other given quantities into 1 point
the equation to calculate an experimental value of &,

Scoring Note: A numerical response without units may earn this point.

Example Solution

Oq
1 =
S1ope 4reok,
PR ')
0 4rk(slope)
2
(2 x107° c)
80 = N
47z(25—)(0.0015 m3)
m
1 (2
g =85x1071%2 ——
0 Nem?
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AP® Physics C: Electricity and Magnetism 2023 Scoring Guidelines

(e)(iii)

For identifying that the y -intercept = A

s

1 point

For correctly substituting the value of the y -intercept of the graph and other given quantities

and constants into the equation to calculate an experimental value of M

Scoring Note: A numerical response without units may earn this point.

1 point

Example Response

y-intercept =0.12 m

Mg
k

S

4y = (012 m)(25 N/m)

9.8 m/s’
M =030 kg

y-intercept =

Total for part (c)

6 points

(@@

(d)(ii)

For selecting “ y, < y;” with an attempt at a relevant justification

1 point

For a justification that indicates correct charge rearrangement in Sphere C due to
electrostatic force from Sphere A

1 point

Example Response

¥, <y, Charges are now free to move within Sphere C now that it is a conducting sphere.

Electrons on Sphere C will be attracted to the excess positive charges on Sphere A and
move closer to Sphere A . This leaves the opposite side of Sphere C more positively
charged which results in less electric repulsion between the spheres and as a result less
compression in the spring.

For drawing an upward pointing arrow

1 point

Example Response

Sphere C
Wire

Total for part (d)

3 points

Total for question 1

15 points
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PC EM Q1 Sample 1A Page 2 of 4

Question 1

Continue your response to QUESTION 1 on this page.

(a) On the following dot that represents Sphere B in the figure on the previous page, draw and label the forces
(not components) that are exerted on Sphere B. Bach force must be represented by a distinct arrow starting on,
and pointing away from, the dot.

(b) Derive the relationship between y and H to show that y = ———=
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Unauthorizad convina or reuse of this naca is illanal. Page 3 GO ON TO THE NEXT PAGE.

Use a pencil or a pen with black or dark blue’ink. Do NOT write your name. Do NOT write outaide the box.
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Question 1

Continue your response to QUESTION 1 on this page.

(d) The students modify the experiment by replacing nonconducting Sphere B with conducting Sphere C that has
the same charge +Q and mass M. Sphere A is brought near Sphere C without touching, compressing the
spring. Sphere C comes to rest.

i. In the original expariment, when the centers of sphares A and B are a vertical distance M, apart, the

spring is compreased a distance y,. In the modified expariment, when the centers of spheres A and C are a
vaﬁcaldisnmeli]mthesp'lngiawmpmdadimmyz.

Is y, greater than, less than, or equal to y, ?

— S — Y <) —_ Y=

Justify your answer.

Since C i< Wﬁ'\%. +he C-A“"‘d?‘s s

C i smwallkr aerall so Hpsrvrma/m‘ i P'WJL
less Free el

ii. Sphere C is then grounded with a wire. On the following figure, draw an arrow indicating the direction
that the platform will move immediately afier being grounded. If the platforrn remains stationary, write

“does not move.”
SphereA: ‘
+a
& &
Unauthorized coovina or reuse of this paae Is illeaal. Page 5 GO ON TO THE NEXT PAGE.
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Usoaponcilornponwnhblad(ordamtﬂuohk.DoNOTwﬁtoyournamo.DoNOTwﬁboMthobox.
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Question''t

Continue y

(a) On the following dot that
(not components) that are exerted
and pointing away from, the dot.

E |

e OIS e

(b)DuivetbemhﬁmAhipbetweeny{‘ndHtoabowthaun—l— Qq +

Fs= kil Fi'

“:-hg

Unwttwﬂudoowhnornmoofwlmb;loml.
Usoapondloranonudthblad(o(:’dnrkbluehk.DoNOvaournamo.DoNOTwﬂtooubldomobox‘

bUr response to QUESTION 1 on this page.

epresents Sphere B in the figure on the previous page, draw and label the forces
pn Spbere B. Each force must be represented by a distinct arrow starting on,
|

Qo Mg
dnzg bH?  k

Page 3 QO ON TO THE NEXT PAGE.
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Question 1

e

Continue ijr response to QUESTION 1 on this page.

(d)mMnumodﬁmwwmpmwm“SphaeBmmansmcmm
theumec!mxe-l-QandmassM.LSpbmAub!mghtnearSphaqunhoutmhmg,oomprudngdn
spring. Spbere C comes torest.

i. In the original experiment, when the ceoters of spheres A and B are a vertical distance H; apart, the
spring is compreased a distance ¥,. In the modified experiment, when the centers of spheres A and C arca

.

vertical distance H) apart, the is camprexsed a distance y,.
Byzsrwﬂthm.lwmormﬂwyl

— N>y _y2<)$ ‘I_y2=y,
Justify your answer.

Whether 1+ s * o Conducting ok nonconducting sphere
'H\ey bo‘ﬂ\ ac'f? as ¢ mnf 0““’9': Thercﬁﬂ Mﬂmv

C‘\Onyos sihce 1§'H' stil) has the seme ”"7’ oml Mars,

A B A

ii. Sphere C is then grounded with a wire. On the following figure, draw an arrow indicating the direction
that the platform will move i i after being grounded. If the platform remains aationary,
“does not move” !

». Sphere A |

Unummdmormdmmuil?.w_ Page 5 GO ON TO THE NEXT PAGE.

Use a pencil or a pen with black rk biue ink. Do NOT write vour name. Do NOT write outside the box.

|
|
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Question 1

Continue your response to QUESTION 1 on this page.

(a) On the following dot that represents Sphere B in the figure on the previous page, draw and label the forces
(not components) that are exerted on Sphere B. Each force must be represented by a distinct arrow starting on,
and pointing away from, the dot.

Fs
fe
(b)Deﬁvetbemlm'omhipbetweenydetoshowlhaty:%kiqz-f%.
0k,
ol\h kqa
Y
Unauthorized convina or reusa of this pace is illeaal Page 3 GO ON TO THE NEXT PAGE.

Use a pencil or a pen with black or dark biue ink. Do NOT write your name. Do NOT wrtte outside the box.

.
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(] Question 1

Continue your response to QUESTION 1 on this page.

(d) The students modify the experiment by replacing nonconducting Spbere B with conducting Sphere C that has
the same charge +Q and mass Af. Sphere A is brought near Sphere C without touching, compreasing the
spring. Sphere C comes to rest.

i. In the original experiment, when the centers of sphares A and B are a vertical distance H, apart, the
spring is compreased a distance y,. In the modified experiment, when the centers of spheres A and C are a
vertical distance H| apart, the spring is compressed a distance y,.
Is y, greater than, less than, or equal to y, ?
s Yo >N _MYZ<)’1 — N2=%
Justify your answer.
S\We Jgnere A0 n0n (Ondutting
ol yonere ¢ iV, A of
PNy e oriey o Mty b phrere
C Wilt inute  §onert x panking

N }QY\V\V) (oMeYe 3y 1ess
ii. Spbere C is then grounded with a wire. On the following figure, draw an arrow indicating the direction
that the platform will move immediately after being grounded. If the platform remains stationary, write

“does not move.”
Sphere A\‘ ‘
+q

Sphere

Unauthorized coovina of reuse of this pace Is iilecal. Page 5 GO ON TO THE NEXT PAGE.
Use a pencil or a pen with black or dark blue ink. Do NOT write your name. Do NOT write outside the box.




AP® Physics C: Electricity and Magnetism 2023 Scoring Commentary

Question 1
Note: Student samples are quoted verbatim and may contain spelling and grammatical errors.
Overview

The responses were expected to demonstrate the ability to:

e Draw a free-body diagram indicating the forces exerted on a nonconducting, positively charged sphere
resting on a spring-loaded platform near another positively charged sphere with correct directions and
appropriate labels.

e Derive the relationship between the distance the spring will compress at equilibrium and the distance H
between the two charged spheres to validate a given expression for distance d in terms of H .

e Draw a best-fit line that shows the trend of given data.

e Calculate the slope of the best-fit line and use the slope to find an experimental value of permittivity.

e Use the y-intercept of the best-fit line to calculate an experimental value for the mass of the sphere.

e Make a claim and provide justification for how charges move on a conducting sphere when near another
charged sphere.

e Draw a representation of the motion of the grounded conducting sphere.

Sample: 1A
Score: 15

Part (a) earned 2 points. The first point was earned for including the electrostatic force from Sphere A on Sphere B
labeled and in the correct direction. The second point was earned for including both the gravitational force and the
spring force correctly labeled and in the correct directions. Part (b) earned 4 points. The first point was earned for
indicating that the net force is zero. The second point was earned for correctly substituting an expression for the
spring force using the given variables. The third point was earned for correctly substituting an expression for the
electrostatic force using the given variables and constants. The fourth point was earned for correctly substituting an
expression for the gravitational force using the given variables and constants. Part (c) earned 6 points. The first point
was earned for drawing an appropriate trend line. The second point was earned for correctly calculating a slope
value from the drawn trend line. The third point was earned for correctly relating the slope of the trend line to the
equation so that a value for permittivity can be calculated. The fourth point was earned for correctly substituting the
slope of the trend line and given values in an expression such that an experimental value of permittivity could be
calculated. The fifth point was earned for correctly identifying the relationship between the y -intercept of the trend

line and the mass of the sphere. The sixth point was earned for correctly substituting the y -intercept of the trend line
along with given variables and constants into an expression such that an experimental value of the mass of the
sphere could be calculated. Part (d) earned 3 points. The first point was earned for correctly indicating y, < y; and
attempting a relevant justification. The second point was earned for providing a correct justification referring to the
charge rearrangement of Sphere C. The third point was earned for indicating the correct upward direction.

© 2023 College Board.
Visit College Board on the web: collegeboard.org.



AP® Physics C: Electricity and Magnetism 2023 Scoring Commentary

Question 1 (continued)

Sample: 1B
Score: 8

Part (a) earned 2 points. The first point was earned for including the electrostatic force from Sphere A on Sphere B
labeled and in the correct direction. The second point was earned for including both the gravitational force and the
spring force correctly labeled and in the correct directions. Part (b) earned 4 points. The first point was earned for
indicating that the net force is zero. The second point was earned for correctly substituting an expression for the
spring force using the given variables. The third point was earned for correctly substituting an expression for the
electrostatic force using the given variables and constants. The fourth point was earned for correctly substituting an
expression for the gravitational force using the given variables and constants. Part (c) earned 1 point for drawing an
appropriate trend line. The second point was not earned because the response does not correctly calculate a slope
value from the drawn trend line. The third point was not earned because the response does not correctly relate the
slope of the trend line to the equation so that a value for permittivity can be calculated. The fourth point was not
earned because the response fails to substitute the slope of the trend line and given values in an expression such that
an experimental value of permittivity could be calculated. The fifth point was not earned because the response fails
to identify the relationship between the y -intercept of the trend line and the mass of the sphere. The sixth point was

not earned because the response does not correctly substitute the y -intercept of the trend line along with given

variables and constants into an expression such that an experimental value of the mass of the sphere could be
calculated. Part (d) earned 1 point for indicating the correct upward direction. The second point was not earned
because the response did not indicate the correct choice. The third point was not earned because the response fails to
provide a correct justification referring to the charge rearrangement of Sphere C.

Sample: 1C
Score: 4

Part (a) earned 1 point for including the electrostatic force from Sphere A on Sphere B labeled and in the correct
direction. The second point was not earned because the response does not have the gravitational force labeled and in
the correct direction. Part (b) earned no points. The first point was not earned because the response does not indicate
that the net force is zero. The second point was not earned because the response does not substitute an expression for
the normal force using the given variables. The third point was not earned because the response does not substitute
an expression for the electrostatic force using the given variables and fundamental constants. The fourth point was
not earned because the response incorrectly substitutes an expression for the gravitational force using the given
variables and fundamental constants. Part (c) earned 1 point for drawing an appropriate trend line. The second point
was not earned because the response does not correctly calculate a slope value from the drawn trend line. The third
point was not earned because the response does not correctly relate the slope of the trend line to the equation so that
a value for permittivity can be calculated. The fourth point was not earned because the response fails to substitute the
slope of the trend line and given values in an expression such that an experimental value of permittivity could be
calculated. The fifth point was not earned because the response fails to identify the relationship between the y -

intercept of the trend line and the mass of the sphere. The sixth point was not earned because the response does not
correctly substitute the y -intercept of the trend line along with given variables and constants into an expression such

that an experimental value of the mass of the sphere could be calculated. Part (d) earned 2 points. The first point was
earned for correctly indicating y, < y; and attempting a relevant justification. The second point was not earned
because the response does not provide a correct justification referring to the charge rearrangement of

Sphere C. The third point was earned for indicating the correct upward direction.

© 2023 College Board.
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